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The present invention relates to the us^ of xenon for 



death , pre f er ably 
apoptosis. In particular, the present invention 



use of xenon fur preventing (a) cellular damacre for 
organs to be transplanted, (b) apoptotic cell 

induced 



In necrosis, the 



(c) hearing loss induced by apoptotic 
Lon o£ the inner ear hairs and (d! for protecting 
endothelial cells of the intestine in sepsis. 

Cell death occurs by necrosis or apoptosis, 

stimulus of death induces directly the death clf the cell (e.g 
hy ischCTiia) whereas in apoptosis the stimulus of death 
initiates a cascade of events leading in 
considerable t;Lme, to cellular death. Necrosis is always a 
pathologic process whereas apoptosis is part of normal 
development and even essential for normal physiologic function 
of the organi^am. However/ in addition to 
occurs in a variety of diseases and is then 



to 
tissue 



apoptosis- However/ so far the specific treatment of diseases 



that, apoptosis 



being characterized by an aberrant, pathologically induced 



apoptosis which is based on the preventi 

apoptosis is not possible. 



, it is the object of the preseit invention to 
provide a therapeutic means for the prevention/reduction of 
aberrant/ pathologically induced apoptosis. 



According 
matter 



to the invention this is achieved 



on/reduction of 



by the subject 



defined in claim 1. Fxirther advantageous embodiments 
and aspects of the present invention follow frjom the dependent 
clad 



During the experiments leading to the present 



invention it was 
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unesqpectedly fotuad that xenou protects neuroijis from apoptotic 
cell death induced by apoptos.is-inducing 
\mder normoxic conditions. Moreover, by the i^resent 
it was found that such a protective property of xenon is not 
limited to neurons, if, for example, human HeLa cells are 
incubated for several ho\irs with an apoptosis-inducing 



death 



most cells will be thereby commit bed to apoptotic 
and they die * after a few hours. If :cenon is present 
such incubation J cellular death is almost, completely 
prevented. Thur», this property of xenon can b(5 used to protect 
cells from abexrant, pathologically induced apoptosis. 



Xenon is preseatly known as anaesthetic gas 



EP-A-0 864 329) • Furthermore, it has been rep orted that xenon 



(EP-A-O 864 328; 



may 

neurotransmitter excess (WO-A-00/53192) . Xn Addition, it 
been reported that xenon administration! during 
reperfusion reduces infarct size after regional ischemia 



the rabbit heart (Preckel et al., Anesthesi^ and analgesia 
Dec. 2000, 91(6), pages 1327-1332). 



Thus, the present invention generally relate 



xenon or a xenon gas mixture for the p: reparation of a 



pharmaceutical composition for treating ( 



3 to the use of 



a ) aiberr ant 



undesired apoptiosis or (b) diseases associated with aberrant 



The finding that aberrant or undesired apoptosis can be 
prevented or at least reduced by xenon opens i:p a new field of 
application for this noble gas which has b^en used so far 

anaesthesia . The 



primarily.. as inhalation agent in the fi 
prevention or reduction o£ apoptosis, e.g./ 
diseases discussed below, can be carried out 



present invention on the basis of a simple inl{alation therapy 
The uptake of xenon via the respiratory 
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according to the 



transport into the brain are already prove i by the use of 
xenon as an anaesthetic agent. It can also be assumed that the 
use of xenon has no damaging effect on an orLanism since many 



dy by its use as 



corresponding experiences could be made aires 

ag'snt. Xenon can be applied by virious techniques 
which can be chosen depending on the particular use. For 
example, an inhaling apparatus can be used in the clinics, 
which is already used for anaesthesia by inhalation, if a 
cardio-pulmonai y 
breathing apparatus 



machine or 
used, xenon can be a 



the machine and requires no further apparatus 
basis, e.g., in case of an emergency, it is 
use simpler inhalators which mix the xenon 
air during the process of inhalation. In thi 



also possiJ>le to adapt the xenon concentration and the 
timing of xenon application in a single 

For example, 
advantageous t.o use mixtures of xenon w; 
harmless for humans, e.g., oxygen, nitrogen, a:Lr etc. 

Examples of preferred uses of xenon are described 
following sections. If "xenon" is mentioned tlis also includes 



dded directly in 
. On an 
even possible to 
f/ith iihe amibient 
s connection, it 



manner to the 
it might be 
th other gases 



xenon gas miactures and it is not intended 
invention to pure xenon. 



lA) Transplantation of organs and tissue (Preservation 



intact organ /tissue from the beginning of 
transpor t, up to re^implantation into the 



patajint) 



to restrict the 



of the 



removal . during 



During tissue f.ransplantation apoptotic procefeses are i 
that cause (to a varying degree) death in i. given cellular 
population, mis can reach up to 95% of ill cells, e.g. 
transfer of human embryonic nigral tissue^ in Parkinson 
therapy, 

3ples a damage rate of 10 - 30% of the ti 
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the following 
ssue is - up to 



the present day - unavoidable and causes cons|LderablQ increase 
in the failure rate of transplantation. 



a ma j or problem 
with ischemic 



(i) The ischemia/reperfusion (I/R) injury is 
in liver transplantation or hepatic resectibn 
procedure, in addition to hepatocyte hypoxemic: damage. A burst 
in production of hydrogen peroxide (H202> occixring during the 
reperfusion phase may have a detrimental effect on the organ 
being reperfused. Immediately after reperfusion^ hepatocytes 



ce 



oxygen species (ROS> , 
including HjO^- Subsequently* activated neijitrophilS/ which 



the shortage of 
of dopaminergic 



latter phase of reperfusion. • H202-treated 
apoptotic and necrotic death. 



(ii) Transplantation of embryonic nigral ti 

functional deficiencies in Parkinson disease. The main 
practical constraints of neural grafting are 
human donor tissue and the poor survival 
neurons grafted into patients, which is est: .mated at 5-10%. 
The required comount of hiaman tissue could 
reduced if the neuronal survival was augmerJ 
rats indicate that most inrplanted embryonic neurons die within 
1 week of trans^plantation and that most of this cell death is 
apoptotic. Reduction in cell death immediately after donor 
tissue preparation and increased long-term 
woxild thus iii^rove dramatically the effi 



on 



(iii) 
endothelial 



is 
11 



ted. Studies in 



::acy of neural 



T-cellS/ monocytes /iiacrophages 
heart transplantation . ( 
artery disease; Induction 



lung transplantation} 



of apoptosis in 



• 4 
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It is therefore advantageous, if the transpolft of the tissue 
to be transplanted and the transplantation it; self is performed 
in the presen<:e of xenon. Xenon can be adainistered either 
present in the surrounding atmosphere or in a xenon- 
saturated bufJIer solution. The considerabje reduction of 

transplanted and 
fire ths zaa j or 



r«3 for tissue and organs to be 
the improved transplantation outcome itseli 
progresses based. on this invention. 



Thus, a preferced use of xenon 
prevention or reduction of 
to be transplanted. 



cellular damage of 



(B) Prevention of apoptotic cell death afte^r X i^^^^ , 



a xenon gas mixture is the 



tissue or organs 



surgery 



Photoreactive keratectoo^y (PRK) and laser-ass: .sted keratectony 
is widely used in ophthalmology to correct ard adjust defects 

of the cornea. Although thesis techniques are 
widely used and accepted as safe, almost 30% of the patients 

■ 

after several mcnths caused by 

B epithelial 



programmed cell death of 
injury associated to 
induces keratocyte 
cornea malfujiction 
intervention • At present 



of 



of laser-assi£ 
Such keratoCT^te loss 
eguires immediate 
addi t i onal the rapeut ic 
such corneal patholo^ yical 

s tr o: na 



ted eye surgery 



too slow .a process t;o be 
Such iiiduction of keratocyte apoptosJs is 
observed in transplanted human corneas when tde intact 
epithelium is regenerated, the negative conl 
finally in ?i 

successfully accept the transplant 



>f failure 



to 
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As a preventive measure xenon can be applied immediately after 
surgery in the form of an air-tight chamber ;=illed with xenon 
or xenon gas mixtures that is fixed to the eye for preferably 
some hours (= post-surgery treatinent) . Alternatively and using 
the same chamber setup, the eye can be incu Dated in a xenon 
atmosphere immediately before, surgery for ^ period of 1-4 
hours to reduce the subseguent rate of 
beneficial effect of such a pre-treatment is s 



tiown in Fig. 3. 



Thus, a fur thee preferred use of xenon or a. 
is the prevention or reduction of apoptotic 
eye laser surg€:ry. 



enon gas mixture 



(C) 



Prevention of hearing loss induceoL by apoptotic 



degeneration of the inner ear hairs - 
Hair cells are mechanoreceptors in the inner 
sound/ head position, and head movement. 



Aminoglycoside 



antibiotics ar€^ toxic to hair cells, and patiesnts treated with 
large doses of aminoglycosides often Incur permanent 

« 

vestibular and auditory deficits. Morphological evidence from 
many vertebratu species suggests that the loss of hair cells 
in response to aminoglycoside treatment occuds via apoptosis. 
Similar induction of apoptosis has been reported to occur as 
secondary dama^re following heavy trauma to h^ad and brain 
following noise-induced hearing loss. 



The administration of the xenon or xenon 
preferably via inhalation to ensure a 
concentration in the blood. 



ufficient xenon 



Thus, a further preferred use of xenon or a jdenon gas mixture 
is the prevention or reduction of hearing [loss induced hy 
apoptotic degeneration of the inner ear hairs. 



» 

6 
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(D) Protection of endothelial cells of the ints 



Sepsis represents- a catastrophic breakdown 
often characterized by multi-organ 
inflammation and general breakdown of the 
mechanisms. Mortality is extremely high 

possibilities are severely limited. One typital feature is a 
rapid induction of apoptosis in the endothelial cells of the 
intestine. As a consequence, this inportant. barrier breaks 
down resulting in flooding the organism 
immunogens, in a situation where defence 

alrea«^ weaken-sd. If in such a situation [iie induction af 
apoptosis could be prevented or its rate reduced, valuable 
time for additional therapies could be gained and mortality 
could be reduced. 



stine in sepsis 
of the organism 

fulminant 
immune defence 
therapeutic 



«rith toxins and 




tage of sepsis the patient 
is of importance to gain t 
an iimnediate exposure oi 
to be started in order 



xs xu 
ours 



a critical 



the endothel of 
to prevent the 



progranmied cell death, : respectively 



Even in an early s 
situation where 
treatment . Thei 
the intestine is 
induction of the 

further progress of progranmed cell death . 
xenon niay be carried out either by intro 

directly into the intestine as gas (due tol the high local 
concentration only a small volume of the gas L to be needed) 
or by using n xenon-saturated salt solutibn as described 
below. In the latter case the application Lay be achieved 
either directly parenterally or indirectly via [the stomach. 



The exposure to 
ction of xenon 



Thus, a further preferred use of xenon or a 

is the protection of endothelial cells of tlhe 
sepsis . 



gas mixture 

in 



In the case of acute life threatening state!, e.g., sepsis, 

advantageously be carried out with a xenon- 
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the intermittent 



oxygen mixturej of 90:10% by volume^ preferably 80:20% by 
volume, most preferably 75-70:25-30% by volume, over several 
hours to one day. As coinpared thereto, 
respiration by a xenon-air mixture to whicl 

e^g,, 5 to 30% by volume of xendn, preferably 10 
volvime of xenon/ can be considered in chronic 



to 20% by 
progrression 

apoptotic degeneration of the inner ear hairs 



of a disease, like hearing ^.oss induced by 



Various methods for the inhalation of :^enon and xenon 

on 
to use 



be 

In clinics / 
in which pressure 



it is 



prefabricated xenon-oxygen mixtures can be c:onnected to the 
corresponding inlets o£ the apparatus. The respiration is then 
carried out according to a procedure CDmmon for such 



apparatus . The same 
bypass machine. 



applies analogously to a 



cardi o -pulmonary 



As an alternative/ xenon can be mixed with ami: dent air instead 



of oxygen in the mobile use, which due to the 
the required pressure vessels increases the 



exantple/ it is possible to use an inhalator 

which supplier! xenon from a 
■ 

accommodated in a support together with the la|tter to a mixing 
chamber. On one side, this mixing 
mouthpiece for inhaling the xenon and on thb other side on 
which the xenon is supplied to the mixing ct amber it has at 
least one additional check valve which enabl 



smaller size of 
mobility of the 



ambient air. The xenon pressure container can 



2S the inlet of 
be equipped with 



a 

amount 



of 



value • XVhen the 



reducing valve , e.g., a valve wi^ich reduces the 

xenon gas supplied to a suitable 

in, he sucks in air from aiaj- valves. In the 

this air is mixed with the siiipplied xenon 



mixing chamber, 
the desired ratio and then inhaled by tke patient 



to 
An 



8 
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advantageous inhalator suitable for mobile us 
ing xenon and its mixtures is, e.g., des 
560 928% 



2 and serving for 
bribed in EP-Bl 0 



For self-mediCiition a inoutlipiece can be connected directly to 
the xenon pres.^ure vessel. During inhalation 
the pressure valve and inhales xenon simultaneously with the 
air from the envdroxunent . \4hen the patient breathes out, 
she/he releases^ the valve, so that no more >tenon reaches the 
mouthpiece. In this way, at least a rough riegulation of the 
amotmt of inhaled xenon is possible. 



e.g. 



cellular damage of 



as a 



xenon- sawurated solution . 



tissues /organs to be transplanted, xenon can be admini 

A buffered physiologic 
(Petzeilt et al.. Life Sci. 72, 1909H1918 (2003)) 
e^^osed to 100*^ xenon, or alternatively 80% 4^enon/20% oxygen. 
dLn an air-tigJit plastic 
shaker. The gas atmosphere 



and mixed for one hour on a 
is changed at least one time and 



the mixing procedure is repeated- Then a conjplete saturation 
of the buffer with the gas (mixture) is I achieved. This 
solution is particularly useful for transplajtation purposes. 
If the tissue/ organ is maintained during tranlspaort or during 
the pre-operation phase in such a solution, a considerable 
reduction of the rate of apoptosis in the ordan/ tissue can be 



To the above mentioned xenon and xenon gap mixtures also 
helium may be added. Since helium is a molecuD-e of small size 
it may function as carrier for the more voluminous xenon. 



Fur theirmore / farther 



, e.g. NO, CO 

disease to be treated 



gases having medical 
or CO2. In addition, d 



may be 
pending on the 
other medicaments whic)i are preferably 



izihalable may b*B added, e.g. cortisons, antibiotics etc 
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Brie£ descriptiipn of the drawings 



Figure 1; induction of apoptosis by 5taiirospc|rinQ in cortical 
neurons 



Whereas under nonaoxic conditions apoptopis 
measured by thft release of LDH, xenon preventf completely cell 
death. 

■ 

Ficmre 2; Induction of apoptosis by sta\irdsporine in HeLa 



noxmoxic conditions apopto^xs 
measured by th€> release of LDH, xenon prevents completely cell 



Figtare 3; Effect of pretreating HeLa cells witlh xenon in order 
to prevent apoptosis, svOgseguent'ly induced by staiirosporine 
xmder normoxic conditions 

ct; 4 hrs control medixim, Ihr salt solution; 

ct/stauro: 4 his control -medivim +1 pLM. sta\irosE|orine, 1 hr salt 
solution + 1 fjJA staurosporine ; 

xenon 1 ; 1 hr xe-medium in xenon, 3 hrs contdol medium + 1 iM 
staurosporine, I hr salt solution + 1 aiM staurdsporine; 
xenon 2 : 2 hrs xe-mediuia in xenon, 2 hrs coiitrol medium + 1 
im staurosporine, 1 hr salt solution + 1 juM stdurosporine; 
xenon 3 *. 3 hrs xe-medi\jm in xenon, 1 hr contdol medium + 1 lOi 
staurosporine, I hr salt solution + 1 ^ staurosporine; 
xenon 4 : 2 hj-s xe -medium in xenon, 2 hrs ade-medium + 1 MM 
Staurosporine, ihr salt solution + l/iM staxirosi orine . 



The following E.<aii(©les illustrate the inventiot. 



10 
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(A) Cells 



Rat cortical iieiurons were obtained from 15-old 



maintained 
2003 « Li£e 



embryos and 



(Petzelt et al 



non-essential 
two to three 
two weeks. 



for 6 days in vitro as described 
Sci, 72 (2003), 1909-1918). Human 
routinely as monolayer cultures 
with 10% fetal calf serum, 2 
.•imino acids. Cultures were 
clays. Absence of mycoplasma wak verified 



in WEM medium. 



1% 



xirosporine is an 

model 

:ion ( TaiDSLokl et 

•J. Antibiot. 40 



274 (1999), 21155; 



(B) Induction of apoptosis 

was induced using staurosporine . Ste 
antibiotic originally discovered by Omura et e 
30 (1977), 275. It is generally, considered a 
inducer when present in micromolar concentra 
al., BBRC 135 (1986), 397; Nakano et al., 

(1987), 706; Ruegg and Burgess, TIPS 10 (19891), 218; Bertrai^d 
et al., Exp. Cell Res. 211 (1994), 314; Wiemer and Dawson, 
CIAO J. 24 (lfi96), 1418; Boix et al., Neur ^pbarmacology 36 
(1997), 811; Kirscb et al., J. Biol. Ch 

Chae et al., Pharmacol. Res. 42 (2000), 373,-1 Heefdt et al.. 
Cancer Res. 60 (2000), 6704; Bijur et al., J. Biol. Chem. 275 

(2000) , 7583; Scarlett et al., PEBS Lett. ^75 (2000), 267; 
Tainton et al., BBRC 276 (2000), 

275 (2000), 9303; Hill et al . , J. biol. Chem. 276 

(2001) , 25643). Cells were seeded in 24-well |,lates at 6 
before the experiment (for cortical neurons), 
days (for .HeLa cells) and incubated for 
respective medium containing 1 /zm staurosporin 
further 1-hour incubation in a physiologic 
(Petzelt et al., 2003). Cellular damage af tea- 
was assessed by measuring 



231; Tang et al., j. Biol. 
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respectively two 
hours in the 
, followed by a 
salt solution 
the e3cperiment 



concentration of LDH in the original supem 
addition of perchloric acid (Roche Diagn 
Germany) . For the determination of the ef fee 
were maintainud for the time period in"* 
saturated solution (mediina or salt solutio 
tight incubator filled with xenon (Petzelt et 



12 

EdiPfansszeit 2).0kt. 13:38 



Bxanple 2 



Xenon ccmqpletely prevents staurosporine induc ed 



hours in meditim 
additional 1- 
Iso containing 



Cortical neurons were inculaated for four 
containining 1 m staurosporine, followed by 
hour incubation in salt solution, 

staurosporine. Control preparations were triated in exactly 
the same way, except that no staurosporine wes present. Xenon 
incubation was perfoxioed as described abovie- ijg seen in Pigure 
1, the control cells survive well under :he experimental 
conditions, no appreciable amount of LDH is released. However, 
if staurosporine is present, considerable ceLlular 
observed as muasured by the release of uyii. if 
maintained in xenon-saturated medixam, 
solution, within a xenon- saturated atmospt 
survive well the treatment, no difference to 
in a normoxic atmosphere is found. Siirprisincrly, if 
incubation is performed in the xenon-contailing environment 
but in the presence of 1 staurosporine, no cellular damage 
is found, in contrast to the cells maintainei under normoxic 
conditions. The entrance into apoptosis is pre^■€nted. 



respectively salt 



Example 3 



In order to ttst if the 

2 is 

be considered as a more 



effect of xenon 



were tested under identical 



phenomenon, 
conditions as 



or if it may 
}}iuman HeLa cells 
in Example 



desc ribed 
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2 . HeLa cells are cells derived from a human jiterus carcinoma^ 
therefore a sufficient: basis for discrimir ation was given 
(different species , completely unrelated tissue) • 



As seen in Figure 2, t>asically the same resvlts are obtained 
as with cortical neurons. Apoptotic cell death is induced by 



staurosporine under normoxic conditions, I whereas 
completely suppressed in the presence of xenonl 



it 



SxaxDple 4 

Pretreatment: with 3senon reduces apoptosisl caused by a 



A further important extension of the findings of Bxaii5>les 2 
and 3 was made when it was investigated if a pre treatment with 
xenon my reduce cellular damage caused By a subseqiuent 
exposure to staurosporine \inder normoxic conditions • Such a 
situation would render xenon a truly apoptosis-preventive 
agent since it could be applied before the japoptotic damage 
was expected to occur. 



As shown in Figure 3, already a 1-hour exposure to xenon- 
containing medium within a xenon- 
protect the cells from a subsequent 



I suffices to 
to staurosporine 
under normoxic conditions. The longer the pre treatment of the 
cells with xenon lasts, the better the apoptc^tosis-preventive 
effect becomes manifest- If xenon is not present (=ct/stauro) , 
considerable cell damage is found. 



14 
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Claims 



1- 
a 



Use of xenoa or a xenon gas mixture for tlie preparation of 



coxT\posi t xon f or 
apoptosis or (b) a disease 



apoptosis . 



2. Use 



according to claim 1 for 
damage of tissue or organs to be tran 



3-. Use according to 
cell death, after eye laser 



4. Use according to claim 1 for preventing 
loss induced by apoptotic degeneration of the 



(a) aberrant 
with 



prevent Lng or reducing 

spl anted. 



reducing hearing 
; Inner ear hairs • 



5- 
of the 



Use according to claim 1 for protecting endothelial cells 



m sepsis. 



6. Use according to any one of claims 1 

preparation contains 5 to 9C 

xenon . 



to 5 wherein the 



% by volwe of 



7. Use according to claim 6 wherein the 
preparation contains 5 to 30% by volume of xencm 



8. Use accordiag to any one of claims 1 



to 7 wherein the 
preparation additionally contadLns oxygen. 



nitrogen and/ or air. 



9. Use according to any of claims 1 to 

preparation additionally conta 
CO, COa, other gaseous coinpotmds and/or inhalab 



ins helium, VO, 



Le 
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10. Use according to claim 6 wherein 

preparation has a ratio of xenon to oxygen [of 80 to 20% by 
volume • 



11. Method of preparing a pharmaceutical prep^ation by mixing 
xenon with another gas harmless to hxzmans. 



12. The method of claim 11 wherein xenon lis mixed with an 
oxygen-containing gas. 
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Abstract of the disclosure 



Described is the 
cellular death, 

relate to 
cellular daiuago for 
apoptotic cell death 
induced by apoptotic 
(d) for protecting 
sepsis . 



of xenon for preventing or 

aberrant apopt :osis • 
the use of xenon foa^ preventing (a) 

to be i: 



degeneration of the inn 
endothelial cells of 



(b) 

(c) hearing loss 
r ear hairs and 
e intestine in 
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LDH release in presence of 1pM Staurosporine, 

cortical neurons 



E 



45n 
40 
3S- 
30- 
25- 

20- 
15- 
10- 
5- 
0 



i o 'I' J : li x>M«« iro K- > 



>W v'XO >?■> ^ 
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Figure 1 
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LDH release in presence of 1//M Staurosporine 
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Figure 2 
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LDH in presence of IfM Staurospbrine 
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Figure 3 
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